The Fitzhugh-Nagumo (fn) mathematical model characterizes the action potential of the membrane. The dynamics of the Fitzhugh-Nagumo model have been extensively studied both with a view to their biological implications and as a test bed for numerical methods, which can be applied to more complex models. This paper deals with the dynamics in the (FH) model. Here, the dynamics are analyzed, qualitatively, through the stability diagrams to the action potential of the membrane. Furthermore, we also analyze quantitatively the problem through the evaluation of Floquet multipliers. Finally, the nonlinear periodic problem is controlled, based on the Chebyshev polynomial expansion, the Picard iterative method and on Lyapunov-Floquet transformation (L-F transformation).
Introduction
The Fitzhugh-Nagumo equation is a simplification of the Hodgkin-Huxley model devised in 1952 [1] . However the Hodgkin-Huxley equations are able to reproduce many features of neuronal dynamics, containing several state variables and a large number of empirical constants [2] .
The Fitzhugh-Nagumo clamped nerve equation is a second order ODE, a reinterpretation itself of the four-dimensional Hodgkin-Huxley dynamic system that deals with the variation in time of quantities those are related with the potassium and sodium conductances in the axon [3] . Some experimental results are shown in [4] .
Fitzhugh [5] considered the Bonhoeffer-Van der Pol (BvP) mathematical model as a simplified alternative, showing the similarity of the phase-space characteristics of the former to the reduced phase-space behaviour of the Hodgkin-Huxley model.
The differential equations representing the BvP model are very similar to those of Van der Pol [19] . These equations are, in dimensionless form
where 1 x & represents the action potential, 2 x & represents the sodium gating variable, the quantities a, b and c are constants related to the physiological state of the neuron, where a is the potential of equilibrium of the potassium, b is the potential equilibrium of the sodium, and c is the amplitude corresponding to the inverse of a time constant. These determine how fast 1 x & changes relative to 2 x & , and satisfy the following constraints:
as introduced in [6] by modifying the equations of the Van-der-Pol relaxation oscillator [7] . Although the variables have no exact physiological interpretation, for suitable parameter values, the qualitative behaviour of 1 x & is similar to that the voltage variable of the Hodgkin-Huxley equations [1] and that of 2 x & to the "recovery" of gating variables. The variable I represent the forcing of the cell by an external stimulus. Nagumo [7] constructed an electric circuit by using tunnel diodes for the nonlinear element (channel) whose model equations are those Fitzhugh [8] , showing in the Fig. 1 . Hence the equations (1) have become known as the Fitzhugh-Nagumo model. Fig. 1 shows one of the functions of the fine cellular membrane, that it involves all cells. It allows (or to block) the chemical substance ticket, in accordance with the necessities of cellular metabolism. Between these substances diverse types of ions are meeting. As they possess positive or negative electric load, ions of opposing loads, the long one of the membrane tends to line up it, of one side and another one of it, generating an electric tension through the membrane. In the case of a neuron, this tension is between 60 and 70 mV.
The nervous impulse is caused by a sudden variation of this tension; it is caused by a variation in the concentration of ions, mainly potassium, concentrated inside of the neuron, and sodium, outside. Most of this variation is caused by the potassium transference to the exterior of the cell. The tension at that point of the neuron quickly comes return to the normal, but the variation if it propagates longitudinally (extension of the neuron that loads the nervous impulse), is as a wave. This variation of located tension spreading through the neurons constitutes the nervous impulse.
The extremities of the prolongations (axon and dendrites) of the diverse neurons are connected but not physically; two adjacent extremities remain to a certain distance apart called the synapse. When the nervous impulse arrives in the extremity of an axon or dendrite, chemical substances -the 
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Modern Practice in Stress and Vibration Analysis VI neurotransmitters -are set free inside of the synapse. These substances transmit the electric signal of the impulse for the adjacent cell, making the nervous impulse that is transmitted from cell to cell. These phenomena constitute the base physical-chemistry of thought, emotions, perception of the five sensations of heat, cold, pain, state.
The discharges of epileptic crises have the same nature of the nervous impulses. Such crises depend, therefore, of the balance between chemical substances in the nervous system [9] .
Recently [10, 11, 12] analyzed the non-linear dynamics of the Fitzhugh-Nagumo mathematical model, namely, the existence of transient chaotic solutions in the model, and presented some modifications in the dynamic system taking into account that the energy source has limited power supply [20] [21] [22] and developed the optimal linear control design for the action potential of the membrane. This optimal linear control allowed reduction of the oscillatory movement of the nonlinear Fitzhugh -Nagumo system to a stable equilibrium point.
In this work, we use different control methodology proposed by Sinha et al. [13] [14] [15] [16] [17] , in the treatment of patients with epilepsy described in the introduction in this paper. This method allows directing the chaotic motion to any desired periodic orbit or to a fixed point. It is based on linearization of the equations, which describe the error between the actual and desired trajectories.
We organize this paper as follows: in section 2, we analyze the nonlinear dynamics of the Fitzhugh-Nagumo model. In section 3, we demonstrate the control design problem for nonlinear Fitzhugh -Nagumo model. In section 4, we do the concluding remarks of this paper.
Dynamics of the Nonlinear Model
In this section, the stability analysis of the nonlinear Fitzhugh-Nagumo model is considered. Then, a stability diagram illustrated in the Fig. 2 varied the parameters b (potential equilibrium of the sodium) and c (amplitude): Now we turn to the significance of this nonlinear dynamic behaviour of the Fitzhugh-Nagumo model. Here we will illustrate the phase portraits of the Fitzhugh-Nagumo model with null clines in the Fig. 3 . "Typical" values for the parameters are I=0.5, a=0.7, b=0.8 and c=0.8 [17] . P is an unstable focus and the trajectories described an orbit spiral converged to the limit cycle.
Control Design Problem
The design of feedback control was used is based on the Chebyshev polynomial expansion, the Picard iterative method and on Lyapunov-Floquet transformation (L-F transformation) [13] [14] [15] [16] 18] and the goal of this is to drive the orbit of the Fitzhugh-Nagumo system to a desired periodic orbit.
For the control problem the system model is:
is used with linear control using placement, obtained [16] as:
where
, 0 B is a full rank constant matrix, such that the pair [R, 0 B ] is controllable and 0 F is a feedback gain matrix.
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Applying this control law to the Fitzhugh-Nagumo system (1) and choosing the desired periodic orbit as: (8) Noting that the action potential ( 1 x ) and the sodium gating variable ( 2 x ) oscillate around the equilibrium point ( * * * * P ), are obtains:
were,
The L-F transformation to convert the linear periodic system (9) into its time-invariant form is: 
The state feedback control is calculated from (7) with the time invariant gain matrix
This is determined from pole placement to -2 and -3. Fig. 4 shows the states time history to uncontrolled, desired and controlled action potential ( 1 x ). 
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Modern Practice in Stress and Vibration Analysis VI Fig. 6 . Phase plan to uncontrolled, desired and controlled to the Fitzhugh-Nagumo system
Conclusions
In this work the design feedback control for a Fitzhugh-Nagumo dynamical system is proposed. This control allows reduction of the oscillatory movement of the nonlinear Fitzhugh-Nagumo system to a desired periodic orbit. A possible application of this control is for the treatment of patients with epilepsy, one of the functions of the fine cellular membrane.
